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a  b  s  t  r  a  c  t
From  2013–2016,  animal-based  measures  were  collected  as  part of the  “Real  Welfare”  protocol  adopted
by  the  Red  Tractor  Pigs  Assurance  Scheme  to assess  the  welfare  in  finisher  pig  herds  in the UK.  Trained
veterinarians  from  89 veterinary  practices  assessed  112,241  pens  (hospital  pens  excluded)  from  1928
farms  using  a multistage  sampling  protocol,  and  collected  data  about  pig welfare,  management  and  farm
environment.  Multivariable  analyses  were  conducted  for five  main  welfare  outcomes:  lameness,  pigs
requiring  hospitalization,  severe  tail  lesions,  severe  body  marks  and  enrichment  use ratio  (number  of
active  pigs  interacting  with  the  enrichment/total  number  of active  pigs).  Additionally,  a multiple  corre-
spondence  analysis  (MCA)  was  conducted  to  analyse  systematic  patterns  of  variations  of environmental
characteristics  and improve  understanding  of  the  connection  between  welfare  outcomes  and  environ-
ment.  The  prevalence  of the  four  welfare  outcomes  and  the  mean  enrichment  use  ratio  differed  between
pen  types  (P <  0.05),  with  a higher  mean  prevalence  of  lame  pigs (0.39%)  but  lower  mean  prevalence
of  pigs  requiring  hospitalization  (0.07%),  severe  tail  lesions  (0.07%)  and  severe  body  marks  (0.12%)  in
outdoor  pens.  In&outdoor  pens  had  the  highest  mean  prevalence  of  the  measured  outcomes  (P <  0.05).
After adjusting  for  the  farm, date  and  pen  type,  lameness,  pigs  requiring  hospitalization  and  severe  tail
lesions  were  less  prevalent  in large  pens  (P < 0.01),  pens  with  substrates  (P  ≤ 0.05)  and  pens  fed  with  meal
(P  ≤ 0.05),  while  enrichment  use  ratio  was higher  with  substrates  (P <  0.001).  Moreover,  pigs  requiring
hospitalization  and  severe  body  marks  were  more  prevalent  in  pens  with  powered  ventilation  (P <  0.05).
On the  MCA  graph,  higher  prevalences  of lameness  and  pigs  requiring  hospitalization  (>1,  5  and  10%)
were  located  in  the  same  direction  as  lower  enrichment  use  ratio,  liquid  feed,  trough feeding,  floor  feed-
ing,  restricted  feed  and  in&outdoor  pens.  Results  suggested  that  higher  prevalences  were  not  specifically
connected  to  a particular  system,  but  that all welfare  outcomes  were  connected  to  several  inappropriate
features  in  the  environment.  This  study  highlights  individual  risk  factors  which  can  be  considered  to
improve  animal  welfare,  but  also  indicates  the  need  to consider  the  environment  as  a  whole  because
of potential  factor  combinations  and  confounds.  Understanding  of these  requires  a large  scale  database,
which  can  be drawn  from  assessments  carried  out  as part of farm  assurance  and  support  evidence-based
advice  and  future  formulation  of  standards  for good  practice.
©  2017  Published  by  Elsevier  B.V.. Introduction
Animal-based measures have been suggested to be more appro-
riate than resource −based measures to assess animal welfare
Whay et al., 2007). These measures, also called welfare outcomes,
ely on measurements made on the animals themselves and are
eing adopted by Farm Assurance Schemes to benchmark ani-
al  welfare and promote welfare-friendly management (Blokhuis
∗ Corresponding author.
E-mail address: f.pandolfi@newcastle.ac.uk (F. Pandolfi).
ttp://dx.doi.org/10.1016/j.prevetmed.2017.07.008
167-5877/© 2017 Published by Elsevier B.V.et al., 2010). Following pilot studies, the “Real Welfare” protocol for
welfare outcome assessment was  adopted by the Red Tractor Assur-
ance Scheme for finisher pig herds in the UK. The welfare data were
collected in conjunction with other data about enrichment pro-
vision, management practices and farm environment. Over three
years, more than 90% of English pig farms were regularly vis-
ited (Pandolfi et al., 2017). This high population coverage and the
probability sampling methodology permit scientifically-grounded
estimates from the survey for the whole population of interest
(Turner, 2003), and a previous descriptive analysis established
mean values for five main welfare outcomes and their changes over
time (Pandolfi et al., 2017).
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Table 1
Measurements used by the veterinarians to assess welfare in commercial pig farms
in  the UK between 2013 and 2016 for the “Real Welfare” scheme.
Measurements Levelsa Definitions
Pigs requiring hospitalization
Yes Pigs that would benefit from removal to a hospital
pen
No Pigs that would not benefit from removal to a
hospital pen.
Lame pigs
Lame Pigs with signs of lameness
Non lame Pigs without any sign of lameness
Pigs with tail lesions
Severe Pigs with severe tail lesions. Proportion of tail has
been removed by biting or tail is swollen or held
oddly, or scab covering whole tip or fresh blood
visible
Mild Pigs with mild tail lesions
No lesions Pigs without any of the above lesions
Dirty Pigs dirty enough to obscure potential mild lesions
Pigs with body marks
Severe Pigs with severe body marks extending into deeper
layers of skin or lesions covering a large
percentage of skin
Mild Pigs with mild body marks
No lesions Pigs without any of the above body marks
Dirty Pigs dirty enough to obscure potential mild body
marks
Enrichment use Ratio (optional)b
Enrichment Pigs interacting with enrichment in the pen
Other Pigs interacting with other pen features or pen
mates
a Each pig in the sample selected was classified into one of the several levels for
each  measurement.
b The classification for enrichment use ratio only concerned the active pigs of the
sample.
Table 2
Variables collected by the veterinarians at pen level to assess the environment in
commercial pig farms in the UK between 2013 and 2016 for the “Real Welfare”
scheme.
Variables Categories
pen size small <30 pigs
medium ≥30 to <200 pigs
large ≥200
pen type indoor (kennels, open + internal divisions or open plan)
outdoor (shelter + field)
in&outdoor (trobridge or kennel + yard)
other
ventilation natural
powered
feed form pellets
meal
liquid
feed availability ad libitum
restricted
feeder type floor
hopper
trough
tail docking docked tails
undocked tails
tail length tail lengths ≤0.5 (pens with docked tails, smaller than
half the original length)
tail lengths >0.5 (pens with undocked tail, tails longer
than
half  the original length or mixed tail lengths)
pig  weight <30 kg
30–50 kg
>50 kg
enrichment substrate(s) only (straw or other substrates)F. Pandolfi et al. / Preventive Ve
The data also constitute a valuable resource to identify risk fac-
ors related to the welfare outcomes. Risk or protective factors for
ail biting, lameness or body lesions have been identified in previ-
us studies (Hunter et al., 2001; Schroder-Petersen and Simonsen,
001; Moinard et al., 2003; Van De Weerd et al., 2006; Temple et al.,
012; Munsterhjelm et al., 2015a). However, such studies generally
efer either to experimental situations or farm samples which are
ot sufficiently large or representative to extrapolate the conclu-
ions to the whole national population of pigs. Therefore, the data
ollected through the “Real Welfare” initiative provided the first
pportunity to conduct a risk factor analysis on a large sample of
nishing pig farms which can be considered as fully representative
f the finishing pig farms present in the UK.
The objective of this study was to assess the multifactorial
spects of welfare issues by the identification of risk and protective
actors at pen level, among variables related to pig environment
nd management, for five main welfare indicators: lameness, pigs
equiring hospitalization, severe tail lesions, severe body marks
nd enrichment use. In the first instance, we identified risk factors
or the five welfare outcomes with multivariable analyses. Subse-
uently, we used a multiple correspondence analysis to confirm
nd refine the results of the multivariable analyses and identify
he relationship between pen environment and the severity of the
ifferent welfare outcomes. Finally, we interpreted the results to
ighlight the risk and protective factors which can be used to iden-
ify pen features connected to welfare issues and the critical points
hat should be the focus of veterinarians and farmers to improve
he welfare of pigs in their care.
. Materials and methods
.1. Data and data management
The collection and management of the data used for this analy-
is have been described in detail in a previous publication (Pandolfi
t al., 2017). The data were collected from April 2013 to May  2016
n order to assess on-farm pig welfare through the “Real Welfare”
ssessment protocol, as required for those finishing pigs under the
ed Tractor Pigs Assurance Scheme. The assessment involved five
ain measures (Table 1) taken from a sample of pens on each farm
uring quarterly veterinary visits by trained vets from 89 different
eterinary practices who underwent the same online and prac-
ical training. Detailed definitions of the five main measures can
e found in the supplementary file of Pandolfi et al. (2017). Hos-
ital pens were excluded from the assessment. All the measures
eported in Table 1 were transformed into percentages, based on
he total number of pigs assessed in the pen. Enrichment use was
alculated as a ratio based on the following formula:
Enrichmentuseratio
= Numberofactivepigsinteractingwiththeenrichment
Numberofactivepigsinteractingwithpenfeaturesorpenmatesorwiththeenrichmen
Additional information about the sampled pens was  also
ecorded during the visit (Table 2). The farm, from which the pens
ere sampled, and the date of the assessment were recorded for
ll pens.
For the complete database, a sample of pens was  assessed from
928 farm units. Repeated measures were taken in the same farm
nit over three years, giving 112,240 records at pen level. The Real
elfare protocol was used to assess the prevalence of lameness andigs requiring hospitalization on 5,463,348 pigs, the prevalence of
ody marks and tail lesions on 2,952,561 pigs and the enrichment
se ratio (which was optional during the assessment) on 497,724
igs.
object(s) only (chains, plastic objects or other objects)
substrate(s) and object(s)
no enrichment
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.2. Sampling
The sampling used was a multistage sampling. At the first level,
ll farms that finish pigs and belong to the Red Tractor Pigs Assur-
nce Scheme were sampled. At the second level, several pens were
andomly selected within each farm in order to be representative
f the finisher pig places present in the farm (see Pandolfi et al.,
017 for pen sampling details, which are documented in full on the
cheme website http://pork.ahdb.org.uk/health-welfare/welfare/
eal-welfare/real-welfare-vets/). The assessments were carried out
wo to four times per year. For units of 300 finisher places or less, a
inimum of 300 pigs were sampled each year, but for units of 900
nisher places or more, a total of 900 pigs were sampled per year.
or units of between 300 and 900 finisher places, an equivalent rep-
esentative proportion was sampled. As pen size could be different
etween farms and the number of pigs required depended on herd
ize, the number of pens selected differed between farms. At the
hird level, selected pens were assessed for all lame pigs and pigs
equiring hospitalization and a random sample of pigs in the pen
as further assessed for tail lesions and body marks (all pigs in the
en if there were fewer than 25 pigs, 25 pigs if there were up to
00 pigs, or 50 pigs if there were more than 100 pigs, and chosen to
e representative of the pen). All the active pigs in the pens were
ssessed for enrichment use.
A retrospective power calculation was carried out for each wel-
are outcome, using the following equation (Teerenstra et al., 2008):
eff = (1 + ICC(m − 1))
’/Deff = n
 = Z2 (Z˛/2 +Zˇ)22e
2
The calculation was made for a desired margin of error (e) of 10%
nd 20% in the mean percentage of the welfare outcome and based
n the actual sample size. We  calculated the power of the analysis
ased on the sample size by accounting for the clustering effect of
ens within farms. Therefore, we estimated the sample size n as the
esult of the actual sample size n’ (the number of pens designated
n the protocol) divided by the design effect Deff and we  calculated
he power based on the value of n. ICC is the intraclass correlation
etween pens within a farm and m the average number of pens
er farm. The value of 2 (the population variance of the welfare
utcome), e (margin of error) and ICC (intraclass correlation) were
stimated from the descriptive analysis (Pandolfi et al., 2017). Zis
he value from a standard normal distribution corresponding to the
esired confidence level, with  as the type I error (Z = 1.96 for 95%
I) and  as the power of the analysis.
.3. Data analysis
.3.1. Influence of the environment on the welfare outcomes
First, the prevalence of the five main welfare outcomes was
alculated for each pen type and their distribution was assessed
or normality through the histograms. Kruskall Wallis tests with a
onferonni correction were used to assess the differences between
en types. The influence of the other variables related to the envi-
onment on the different measures of welfare was assessed with a
eneralized Linear Mixed Model in an analysis performed at pen
evel. Five different models were built, considering respectively
s dependent variables: the proportion of pigs that would bene-
t from removal to a hospital pen, the proportion of lame pigs,
he proportion of pigs with severe tail lesions, the proportion of
igs with severe body marks, the proportion of active pigs thatry Medicine 146 (2017) 34–43
interact with the enrichment in preference to other exploratory
activities. The sampling date, nested in farm unit, and the pen
type were considered as random effects. Although different pens
could belong to the same farm, differences might exist between
the different visits over time or season and the changes that might
occur over time are farm specific (Courboulay et al., 2009; Pan-
dolfi et al., 2017). For the five models, the independent variables
considered were the variables: pen size, ventilation type, weight
of the pigs, feed availability, feed form and feeder type, enrich-
ment. Data were dichotomised to give categories with and without
substrates, objects, substrates+objects, or no enrichment for the
multivariable analyses. For the model with the proportion of pigs
with severe tail lesions, the variable pig weight was  transformed
as follows (pigs ≤ 50 kg, pigs > 50 kg) to solve a problem of quasi-
complete separation. The influence of the variables tail docking and
length of the tails were also assessed when the dependent variable
was the proportion of pigs with severe tail lesions, the proportion
of pigs with severe body marks, or enrichment use ratio. Similarly,
the influence of enrichment use ratio was assessed when the depen-
dent variable was  the proportion of pigs with severe tail lesions or
the proportion of pigs with severe body marks.
Univariate analyses were initially carried out. All of the depen-
dent variables with P < 0.1 were retained for the multivariable
analyses. Associations between dependent variables were iden-
tified in the previous descriptive analysis, suggesting that the
individual contribution of each covariate is difficult to assess (Tu
and Gilthorpe, 2012). In order to diagnose the potential problem of
multicollinearity, the variance inflation factor (VIF) was calculated.
Based on this result, the variables with VIF ≥ 5 were removed to
create the final model (Rogerson, 2001). The variables in the final
model with P ≤ 0.05 were considered significant.
2.3.2. Multiple correspondence analysis
A multiple correspondence analysis (MCA) was conducted to
analyse systematic patterns of variations of environmental char-
acteristics in the pig farms and illustrate the relationship between
these. The decomposition of the inertia on the two first factorial
axes (F1 and F2), considered as the most discriminating, was  used
to eliminate the variables with a low absolute contribution. As no
standard value has been strictly defined (Messad, 2012), we elim-
inated variables under a subjectively chosen limit of 500 units
of total variance (5% of the total absolute contribution of 10 000
units of total variance). After this selection, the contributions of
the variables to each factorial axis and the plot of MCA  were used
to interpret each factorial axis. In order to better understand the
connection between the environment and farm practice and the
welfare outcomes, the five welfare outcomes were transformed
into categorical variables and considered as supplementary vari-
ables in the MCA. The position on the MCA  graph of the welfare
outcomes helped to interpret the association with environmental
variables.
Moreover, in order to understand the relationship between the
magnitude of prevalence of the four physical welfare outcomes and
the environment, we  dichotomized each welfare outcome several
times based on different thresholds (absence of the outcome, out-
come higher than mean, 0.5%, 1%, 5% and 10%) to create additional
variables. Following a similar logic, the enrichment use ratio was
also dichotomized based on different thresholds (0.75, 0.50, 0.20,
0.10). These increasing thresholds were arbitrarily chosen to assess
if the position on the factorial axes changed. After the transforma-
tion, these 28 supplementary variables were plotted on the MCA
graph for interpretation.In order to confirm differences between welfare outcomes
according to their position on the MCA  graph, Mann-Whitney tests
were used to compare the distribution of the five welfare outcomes
for the samples of pens with negative coordinates and those with
F. Pandolfi et al. / Preventive Veterinary Medicine 146 (2017) 34–43 37
Table  3
Results of a generalized linear mixed model of risk factors for lameness at pen-level including 112,240 pig pens, 2013–2016, UK.
variables levels Odds 95% CI P values
substrates no substrates 1.00
substrates 0.87 0.79 0.97 0.012
objects no  objects 1.00
objects 0.89 0.79 1.01 0.069
substrates+objects no  objects+substrates 1.00
objects+substrates 1.46 1.18 1.81 <0.001
ventilation type natural ventilation 1.00
powered ventilation 1.05 0.93 1.19 0.431
weight weight >50 kg 1.00
weight <30 kg 1.48 0.66 3.35 0.343
weight 30–50 kg 0.80 0.69 0.92 0.003
feed  form meal 1.00
liquid 1.63 1.29 2.05 <0.001
pellets 1.21 1.02 1.43 0.027
feed  availability ad libitum 1.00
restricted 1.13 0.92 1.38 0.238
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ositive coordinates on F1. Moreover, since the different variables
epresenting lameness and pigs requiring hospitalization above dif-
erent limits (0.5%, 1%, 5%, 10%) showed different positions on the
CA  graph (moving from upper left to upper right quadrant) and
he variables representing severe tail lesions and severe body marks
emained on the lower right quadrant, Mann-Whitney tests were
sed to compare the distribution of lameness and pigs requiring
ospitalization for the sample of pens with positions in the upper
ight quadrant (positive coordinates on F1 and positive coordinates
n F2) with all the other pens, and to compare the distribution of
evere tail lesions and severe body marks for the sample of pens
ith positions in the lower right quadrant (positive coordinates on
1 and negative coordinates on F2) with all the other pens.
Data processing was  carried out using Microsoft Access Office
rofessional Plus 2010, Microsoft Excel Office Professional Plus
010 and RStudio for R-3.1.0 software for Windows (64 bit) to
reate the dataset at pens level and perform the analyses
. Results
.1. Sample size
After adjusting the sample size by accounting for the design
ffect, the power of the analyses with an accepted margin of error of
0% of the real population mean was 72.2% for pigs requiring hos-
italization,42.8% for lameness, 30.9% for severe tail lesions, 46.0%
evere body marks and 100% for enrichment use ratio, and, with
n accepted margin of error of 20% of the real population mean,
as 99.9% for pigs requiring hospitalization, 94.5% for lameness,
3.2% for severe tail lesions, 96.1% severe body marks and 100% for
nrichment use ratio. The values of , e, ICC, m,  N and Deff for each
elfare outcome can be found in Table S1 in the supplementary
le.
.2. Influence of the environment on the welfare outcomes
Extensive descriptive results have been presented in a previ-
us publication (Pandolfi et al., 2017). At pen level, the mean and
tandard deviation of prevalence of pigs requiring hospitalization
as 0.07 (±0.26), the prevalence of lame pigs was 0.18 (±0.60), the
revalence of severe tail lesions was 0.14 (±0.69), the prevalence of
evere body marks was 0.26 (±1.11) and the mean enrichment ratio
as 0.50 (±0.27). The median and the 10–90% percentiles were
ll equal to zero for prevalence of pigs requiring hospitalization,.00
.05 1.81 2.32 <0.001
.54 1.39 1.71 <0.001
lameness, severe tail lesions and severe body marks and, for the
enrichment use ratio, were equal to 0.51, 0 and 1 respectively.
3.2.1. Lameness
The mean prevalence of lameness was  0.20 (±1.28) in indoor
pens, 0.39 (±1.40) in outdoor pens, 0.30 (±1.45) in in&outdoor pens
and 0.23 (±2.28) in other pens. The median and the 10–90% per-
centiles were all equal to zero for all pen types except for outdoor
pens where the 90% percentile was equal to 1.1%. The Kruskall Wal-
lis test showed that the mean prevalence was significantly lower in
indoor pens compared to outdoor (P < 0.01) and in&outdoor pens
(P = 0.03) and significantly higher in outdoor pens compared to
in&outdoor pens (P < 0.01) and other pens (P < 0.01). All VIF were
between 1 and 2. In the multivariable analysis, compared to the
pigs fed on meal, the proportion of lame pigs was higher in pens
fed on liquid feed (P < 0.001) and pellets (P = 0.03). The propor-
tion of lame pigs was also higher in small (P < 0.001) and medium
pens (P < 0.001) compared to large pens. Pigs that weighed between
30 and 50 kg had less lameness than pigs over 50 kg (P = 0.003).
The proportion of lame pigs was also lower when substrates were
present (P = 0.012) but was higher when substrates and objects
were both present (P < 0.001) (Table 3).
3.2.2. Pigs requiring hospitalization
The mean prevalence of pigs requiring hospitalization was  0.08
(±0.79) in indoor pens, 0.07 (±0.44) in outdoor pens, 0.13 (±0.87)
in in&outdoor pens and 0.09 (±0.66) in other pens. The median
and the 10–90% percentiles were all equal to zero for all pen types.
The Kruskall Wallis test showed that the mean prevalence was sig-
nificantly lower in outdoor pens compared to in&outdoor pens
(P < 0.01) and indoor pens (P < 0.01). The mean prevalence was
significantly lower in indoor pens compared to in&outdoor pens
(P = 0.02) and other pens (P = 0.03). All VIF were between 1.53 and
2.31. In the multivariable analysis, the proportion of pigs requir-
ing hospitalization was  higher when the pigs were fed with liquid
feed (P < 0.001) or pellets (P = 0.001) compared to pigs fed with
meal. This outcome was also more prevalent in pens with pow-
ered ventilation (P = 0.01) compared to natural ventilation, and in
small (P < 0.001) and medium pens (P < 0.001) compared to large
pens. The proportion of pigs requiring hospitalization also tended
to be smaller when substrates were present (P = 0.050) (Table 4).3.2.3. Severe tail lesions
The mean prevalence of severe tail lesions was  0.17 (±1.60)
in indoor pens, 0.07 (±0.93) in outdoor pens, 0.22 (±1.85) in
38 F. Pandolfi et al. / Preventive Veterinary Medicine 146 (2017) 34–43
Table 4
Results of a generalized linear mixed model of risk factors for pigs requiring hospitalization at pen-level including 112,240 pig pens, 2013–2016, UK.
variables levels Odds 95% CI P values
substrates no substrates 1.00
substrates 0.86 0.73 1.00 0.050
objects no  objects 1.00
objects 0.88 0.75 1.08 0.133
ventilation type natural ventilation 1.00
powered ventilation 1.25 1.06 1.48 0.010
pen  size large pens 1.00
small pens 2.62 2.18 3.15 <0.001
medium pens 1.89 1.61 2.23 <0.001
feed  form meal 1.00
liquid 1.58 1.21 2.06 <0.001
pellets 1.38 1.13 1.68 0.001
Table 5
Results of a generalized linear mixed model of risk factors for severe tail lesions at pen-level including 112,240 pig pens, 2013–2016, UK.
variables levels Odds 95% CI P values
substrates no substrates 1.00
substrates 0.76 0.62 0.94 0.012
objects no  objects 1.00
Objects 0.88 0.70 1.11 0.275
substrates+objects no  objects+substrates 1.00
objects+substrates 2.16 1.53 3.06 <0.001
ventilation type natural ventilation 1.00
powered ventilation 1.09 0.92 1.29 0.321
pen  size large pens 1.00
small pens 1.24 1.01 1.52 0.042
medium pens 1.40 1.17 1.68 <0.001
weight weight ≤50 kg 1.00
weight >50 kg 1.39 1.12 1.74 0.004
feed  form Meal 1.00
Liquid 1.48 1.05 2.10 0.026
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tail  length tail lengths ≤ 0.5 
tail lengths >0.5 
n&outdoor pens and 0.22 (±1.27) in other pens. The median and
he 10–90% percentiles were all equal to zero for all pen types.
he Kruskall Wallis test showed mean prevalence was  significantly
ower in outdoor pens compared to indoor (P = 0.05), in&outdoor
ens (P < 0.01) and other pens (P < 0.01). All VIF were between 1.01
nd 2.79 except feeder type, which had VIF > 5 and was  removed
rom the final model. In the multivariable analysis, the proportion
f severe tail lesions was higher when the pigs were fed with liq-
id feed (P = 0.026) or pellets (P = 0.003) compared to pigs fed with
eal. The proportion of pigs with severe tail lesions was higher in
mall pens (P = 0.042) and medium size pens (P < 0.001) compared
o large pens. The proportion of pigs with severe tail lesions was
lso more prevalent for pigs with a weight over 50 kg compared to
hose under 50 kg (P = 0.004). The proportion of pigs with severe
ail lesions was lower when substrates were present (P = 0.012),
ut was higher when substrates and objects were both present
P < 0.001). Finally, severe tail lesions were less prevalent in pens
ith pigs with tail longer than half of the undocked size (P = 0.046)
Table 5).
.2.4. Severe body marks
The mean prevalence of severe body marks was 0.29 (±1.96)
n indoor pens, 0.12 (±0.84) in outdoor pens, 0.33 (±2.05) in
n&outdoor pens and 0.24 (±1.43) in other pens. The median and
he 10–90% percentiles were all equal to zero for all pen types.
he Kruskall Wallis test showed mean prevalence was  significantly
ower in outdoor pens compared to in&outdoor pens (P = 0.05). All
IF were between 1 and 1.23. In the multivariable analysis, the
roportion of pigs with severe body marks was lower in pens with
estricted feed (P < 0.001) compared to ad libitum feed but higher in
ens with powered ventilation (P < 0.001) compared to natural ven-
ilation. This outcome was also more prevalent for pens of pigs with.50 1.14 1.97 0.003
.00
.82 0.68 1.00 0.046
a weight between 30 and 50 kg (P < 0.001) compared to those over
50 kg. The proportion of pigs with severe body lesions was lower
for pigs with tails longer than half of the original length (P = 0.046)
(Table 6).
3.2.5. Enrichment use ratio
The mean ratio was  0.47 (±0.36) in indoor pens, 0.67 (±0.35)
in outdoor pens, 0.40 (±0.39) in in&outdoor pens and 0.37 (±0.32)
in other pens. The median and the 10–90% percentiles were equal
respectively to 0.5, 0 and 1 for indoor pens, 0.76, 0 and 1 for outdoor
pens, 0.33, 0 and 1 for in&outdoor pens and 0.33, 0 and 0.88 for other
pens. The Kruskall Wallis test showed mean ratio was significantly
lower in indoor pens, in&outdoor pens and other pens compared
to outdoor (P < 0.001). The mean ratio was  significantly higher in
indoor pens compared to in&outdoor pens (P < 0.001). All VIF were
between 1 and 2.08. In the multivariable analysis, the enrichment
use ratio tended to be lower in pens fed with liquid feed (P = 0.046)
compared to the pens fed with meal. The enrichment use ratio was
lower in pens with powered ventilation compared to natural venti-
lation (P < 0.001), in small (P < 0.001) and medium pens (P < 0.001)
compared to large pens. The pigs that weighed between 30 and
50 kg showed more relative interaction with the enrichment than
the pigs over 50 kg (P < 0.001).The proportion of pigs that interacted
with enrichment instead of other pigs or pen fittings was higher
when substrates were present in the pen (P < 0.001) and when the
tails of the pigs were not docked (P = 0.017) (Table 7).
3.3. Multiple correspondence analysisAfter a first decomposition of the inertia, the variables related
to some pen types, some enrichments, ventilation type, feed type,
feed availability, feeder type, tail docking, and tail lengths were
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Table  6
Results of a generalized linear mixed model of risk factors for severe body marks at pen-level including 112,240 pig pens, 2013–2016, UK.
variables levels Odds 95% CI P values
objects no objects 1.00
Objects 1.10 0.97 1.24 0.128
ventilation type natural ventilation 1.00
powered ventilation 1.51 1.33 1.73 <0.001
weight weight >50 kg 1.00
weight <30 kg 0.73 0.25 2.15 0.566
weight 30–50 kg 1.45 1.20 1.75 <0.001
feed  availability ad libitum 1.00
restricted 0.55 0.40 0.75 <0.001
tail  docking docked tails 1.00
undocked tails 0.90 0.67 1.20 0.460
tail  length tail lengths ≤0.5 1.00
tail lengths >0.5 0.83 0.68 1.00 0.046
Table 7
Results of a generalized linear mixed model of risk factors for enrichment use ratio at pen-level including 112,240 pig pens, 2013–2016, UK.
variables levels Odds CI 95% P values
substrates no substrates 1.00
substrates 1.187 1.086 1.299 <0.001
objects no  objects 1.00
objects 0.92 0.84 1.01 0.093
ventilation type natural ventilation 1.00
powered ventilation 0.74 0.65 0.84 <0.001
pen  size large pens 1.00
small pens 0.65 0.59 0.73 <0.001
medium pens 0.81 0.74 0.88 <0.001
weight weight >50 kg 1.00
weight <30 kg 1.37 0.73 2.59 0.332
weight 30–50 kg 1.33 1.17 1.51 <0.001
feed  form meal 1.00
liquid 0.78 0.62 0.99 0.045
pellets 0.99 0.83 1.19 0.945
feed  availability ad libitum 1.00
restricted 0.92 0.75 1.13 0.448
tail  docking docked tails 1.00
undocked tails 1.22 1.04 1.43 0.017
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iig. 1. Graphical solution of the Multiple Correspondence Analysis (MCA) on the fi
igs  sampled on UK farms from 2013 to 2016 using the “Real Welfare” assessment
xes  F1 (horizontal) and F2 (vertical), which explained respectively 23.5% and 16.2% of th
elected for the analysis (because inertia > 500) and transformed
nto dichotomized variables for the analysis (Table S3 supplemen-d second factorial axis for production characteristics of 112,240 pens of finishing
col. Each variable is plotted on the graph according to the coordinates on factorial
e total inertia of the 22 variables.
tary file). The two first factorial axes, which explain the larger
amount of variance of all variables used to run the MCA, were used
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o interpret the pattern of relationships of several categorical vari-
bles related to the environment and to simplify the interpretation
y reducing the dimensionality of the data. The two  first factorial
xes represented in this analysis 39.6% of the total inertia (total
ariance of all variables included in the analysis). The first factorial
xis (F1), which explained 23.5% of variance, appeared to differen-
iate less intensive, straw-based accommodation from controlled
nvironment systems, while the second axis (F2), which explained
6.2% of variance, appeared to differentiate systems with an out-
oor component from indoor systems and (Table S2 supplementary
le). The absolute contributions are reported in Table S3 of the sup-
lementary file. Fig. 1 shows the patterns of farm characteristics.
he MCA  revealed that certain categories of the variables consid-
red seem to be connected (appearing close to each other and in
he same direction on the graph). The use of liquid feed was related
o restricted feed and distribution of the feed in a trough. The feed
istributed on the floor was related to in&outdoor pens. Having
hort-tail pigs was related to the presence of plastic objects, pens
ithout straw and powered ventilation. Having pigs with undocked
r long tails was related to the presence of straw, the absence of
lastic objects and natural ventilation. Undocked pigs, pens with
traw and natural ventilation and feeding with meal or pellets had
egative coordinates on the horizontal axis (F1) while pens with
owered ventilated systems, liquid feed, without straw, with tail
ocked pigs and plastic objects for enrichment had positive coor-
inates on the horizontal axis (F1).
The variables representing the welfares outcomes were plotted
n the MCA  graph as supplementary variables. The presence, or a
revalence higher than the mean, for lameness and pigs requir-
ng hospitalization were represented close to each other and to the
ariables “no plastic objects” and “natural ventilation”. The pres-
nce, or a prevalence higher than the mean, for severe tail lesions
nd body marks were represented close to each other and close to
he variable “tail docked” and in the same direction as “tail lengths
0.5” and “no straw” (Fig. S1, S2 supplementary file).
Fig. 2 shows that the coordinates of the variables representing
 percentage of lameness or pigs requiring hospitalization higher
han 0.5%, 1%, 5% and 10% shift progressively from the negative to
he positive side of the factorial axis F1. The variables representing
he enrichment use ratio below the different limits tended to have
ositive coordinates on the factorial axis F1 (Fig. S3 supplementary
le). This observation suggests different associations with the envi-
onmental variables according to the magnitude of lameness and
igs requiring hospitalization within a pen. Although lower per-
entage values were still close to each other and to the variable “no
lastic objects” and “natural ventilation”, the variables represent-
ng higher incidences (1, 5 and 10%) and low enrichment use ratio
ere located in the same direction as liquid feed, trough feeder,
oor feeding, restricted feed and in&outdoor pens. The variables
severe body marks >10%” and “severe tail lesions >10%” were still
lose to “no straw” and “docked tail pigs” and remained in a similar
osition to the lower percentages (Fig. 2).
The results of Mann-Whitney tests showed that the distribution
f the sample of pens with negative coordinates and those with
ositive coordinates on F1 was different for pig requiring hospi-
alization, lameness, severe body marks and enrichment use ratio
P < 0.05) but not for severe tail lesions. Furthermore, results of
ann-Whitney tests showed that the distribution of the samples
f pens with positive coordinates on F1 and positive coordinates on
2 and the sample of all the other farms was different for lameness
P < 0.05) but not for pigs requiring hospitalization. The distribution
f the samples of pens with positive coordinates on F1 and nega-
ive coordinates on F2 and the sample of all the other farms was
ifferent for severe tail lesions and severe body marks (P < 0.05).ry Medicine 146 (2017) 34–43
4. Discussion
The objective of the study was  to identify risk and protective
factors for five main welfare indicators collected on UK pig farms.
The large sample size and the longitudinal nature of the data pro-
vided a good representativeness of commercial pig farms in the UK;
as highlighted Mullan et al. (2009), a satisfactory estimation of the
low prevalence of the welfare outcomes can only be achieved with
very large sample size.
4.1. Sampling and limitations
Our choice to conduct the analysis at pen level was supported
by the results of Taylor et al. (2012), who found no differences in
tail biting between systems at farm level but some differences for
descriptors at pen level. The analysis showed that good power could
be achieved when a margin of error of maximum 20% from the real
population mean for the different welfare outcomes was  accepted.
When a margin of error of maximum 10% from the real population
mean for the different welfare outcomes was accepted, the power of
the analysis was more limited, especially for lameness, severe body
marks and severe tail lesions. In multivariable analysis, the P-value
assesses the strength of the associations between the dependent
variables and the potential risk factors. As the P-value reflects both
the size of the sample and the magnitude of the effect (Blumenthal
et al., 2001), nationwide collection of large datasets is more effec-
tive to reduce potential bias. Although several different assessors
collected the data, information bias was  thought to be limited as
they all received the same formal training. Several studies have
shown good inter-observer reliability of similar welfare outcome
data recorded by trained assessors (Main et al., 2000; Mullan et al.,
2011).
The sampling was  organized to select, as randomly as possible,
pens and pigs representative of the farms. Although it is possible
that selection bias might have occurred in the first stage, since
only Assurance Scheme members were represented, Red Tractor
members represent more than 90% of the pig farmers in England.
We used a model that controlled for unknown confounding fac-
tors connected to farm, time and pen type and the multivariable
analysis also permitted us to produce odds ratios adjusted for the
other covariates in the model. To account for the many correla-
tions between variables, we calculated the VIF associated with their
inclusion. While a VIF < 5 is considered as acceptable (Rogerson
et al., 2001), the inclusion of variables with a VIF between 1 and 5
might led to some misinterpretations for unrepresentative sam-
ples (Vatcheva et al., 2016); however, the large sample and the
combined MCA  allowed a better interpretation of the results. As
the main objective was  to understand the influence of the environ-
ment on the welfare outcomes, and not only the inter-connections
between welfare outcomes, we used a MCA  adapted to qualitative
data with the environmental variables as active variables and the
welfare outcomes as supplementary variables.
It must be highlighted that the assessments relate only to pens
in the mainstream herd, with the exclusion of hospital pens. This is
likely to reduce the estimate of the total prevalence of problems at
farm level, since with good management any seriously sick/injured
pigs would be moved to hospital pens. Therefore, our assessment
was of the association of different variables with a reduction of
detrimental welfare outcomes in the mainstream herd, as a con-
sequence of either a general improvement of welfare in the whole
farm or better management of sick animals and hospital pens.4.2. Associations between variables
The association between variables, and the potential con-
founding effects arising from this, have been highlighted in
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Fig. 2. Partial representation of Fig. 1 plot, based on 112,240 pens of finishing pigs sampled on UK farms from 2013 to 2016 using the “Real Welfare” assessment protocol,
with  the addition of the supplementary variables related to different prevalences of lameness, pigs requiring hospitalization, tail lesions and body marks on the first and
second factorial axis of the MCA  graph, along with the active variables and the axes connecting the variables (number in brackets on the MCA  graph): not indoor pen (1),
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eal  feeding (11), liquid feed (12), pellets feeding (13), feed always available (ad l
18),  docked tails (19), undocked tails (20), tail lengths <0.5 (21) and tail lengths >0
revious studies (Munsterhjelm et al., 2015a). In this study, at
east two sets of interconnected variables were apparent. One set
epresented variables more connected to conventional systems
restricted liquid feeding in troughs, and unbedded, controlled-
nvironment systems with object enrichment), while the other set
ere connected to farms that have implemented supplementary
welfare-friendly” initiatives (straw, undocked tails). Moreover,
he different welfare outcome measures did not all co-locate on
he MCA  plot; a connection appeared between lameness and pigs
equiring hospitalization, which differed from severe body marks
nd severe tail lesions that were located in the opposite quadrant.
ameness and pigs requiring hospitalization had been previously
ound to be associated in this dataset (Pandolfi et al., 2017), but
esults contrast with those of Munsterhjelm et al. (2015b), who  also
xcluded hospital pens from their analysis and found a connection
etween wounds and lameness.
.3. Pen type and farming system
As suggested by Barton Gade (2002), both intensive and more
xtensive systems present advantages and disadvantages. In the
urrent study, only the prevalence of lameness tended to be
igher outdoors, and this was higher also in in&outdoor compared
o indoor pens. The prevalence of pigs requiring hospitalization,
evere tail biting damage and severe body marks were lower in out-
oor pens and the highest prevalence was observed in in&outdoor
ens. Contrary to our study, higher prevalence of tail biting, skin
esions and other health issues in abattoir data were identified in
igs from organic/free range systems in Danish herds (Kongsted
nd Sørensen, 2017; Alban et al., 2015), but the studies referred
o all lesions, not specifically the severe ones, and only compared
he system without considering other environmental parameters.
oreover, Walker and Bilkei (2006) showed that outdoor pens
o not completely prevent tail biting, but pigs more frequently
resented moderate wounds with low grade infection. According
o the review of Schroder-Petersen and Simonsen (2001), indoor
nd outdoor temperatures both influence tail biting, such that the
ombination of variability in both might further increase risk; this
uggests that the greater problems seen in in&outdoor pens maystic objects (7), plastic objects (8), natural ventilation (9), powered ventilation (10),
) (14), restricted feed (15), floor feeding (16), hopper feeding (17), trough feeding
).
relate to control of the thermal environment experienced by the
animal.
As reported D’Eath et al. (2014), welfare issues such as tail bit-
ing do not have a single cause; making the comparison between
systems too simplistic. The MCA  helped to clarify the complexity of
the association between welfare outcomes and the environment.
While the lower prevalence of lameness and pigs requiring hos-
pitalization showed a certain degree of connection with “welfare
friendly pens”, the higher prevalence (above 1, 5 or 10%) was con-
nected to in&outdoor pens, but also to liquid feed and restricted
feed in troughs or on the floor. Thus, while a low prevalence of
lameness or foot lesions can be expected with outdoor soil (KilBride
et al., 2009a; KilBride et al., 2009b), the prevalence of welfare out-
comes may  not be only connected to a specific housing system. The
complex interaction between welfare issues and the different vari-
ables might reveal endemic problems which constantly expose the
animal to several inappropriate features in the environment.
The possible confounding effect between pen types and
unrecorded risk factors such as health status, previous rearing envi-
ronment and other management practices (Schroder-Petersen and
Simonsen, 2001; Taylor et al., 2012; D’Eath et al., 2014), dampness
and dirtiness (Geers et al., 1990; Von Borell and Van denWeghe,
1998; Smulders et al., 2006; Van De Weerd and Day, 2009), and
floor type (Gentry et al., 2002; Straw, 2006; KilBride et al., 2009a)
should be further explored. For example, pigs requiring hospital-
ization and with severe body marks were found more commonly in
pens with powered ventilation. Draughts resulting in changed level
of activity and dirtiness, high concentrations of dust and irritant
gases or inadequate temperature are several risk factors that might
be associated to powered ventilation of poor quality and affect pig
health or welfare (Defra, 2003; Taylor et al., 2012; D’Eath et al.,
2014; Michiels et al., 2015). Furthermore, although large pens were
associated with lower prevalence of lameness, for pigs requiring
hospitalization and with severe tail lesions, the pen size variable
might indirectly measure the impact of space allowance, as bigger
functional area per pig might be expected in larger pens and has
been associated to a decrease of tail lesions (Munsterhjelm et al.,
2015a). Moreover, an experimental study showed no differences in
lameness with different pen size alone (Vermeer et al., 2014), sug-
gesting that the increase of welfare outcomes is not only connected
4 terina
t
s
a
c
i
t
a
b
4
T
l
l
a
i
r
g
f
e
4
r
p
2
e
p
T
p
c
e
h
e
c
e
H
s
e
h
(
t
f
l
t
w
s
s
h
a
e
s
t
t
t
h
c
a
u
l
s2 F. Pandolfi et al. / Preventive Ve
o the pen size but to several parameters in the environment. One
tudy found that farmers with larger herds had better knowledge
bout hospital pen requirement (Thomsen et al., 2016). Farmer per-
eption regarding pig sickness and requirement for hospitalization
s likely to differ between individuals. The perception of hospitaliza-
ion need may  also be confounded with production circumstances
nd the degree of physical, thermal and social challenge provided
y the home pen.
.4. Feed
Similarly to previous studies (Van De Weerd and Day, 2009;
emple et al., 2012), pens with pigs fed with meal had lower preva-
ence of lameness, pigs requiring hospitalization and severe tail
esions in comparison with pigs fed liquid feed or pellets. The
ssociation of pelleted feed (Hunter et al., 2001) and liquid feed-
ng (Temple et al., 2012) with an increase of tail biting has been
eported in previous studies and might be explained by a better
ut health with meal feeding (Taylor et al., 2010). Substrate, meal
eed and large pens were associated in our previous study (Pandolfi
t al., 2017), supporting the multifactorial aspect of welfare issues.
.5. Enrichment and tail docking
Pens with substrates had a lower prevalence of lameness, pigs
equiring hospitalization and severe tail lesions, consistent with
revious studies (Courboulay et al., 2009; Van De Weerd and Day,
009; Temple et al., 2012; Munsterhjelm et al., 2015a). However,
nrichment type was not associated with severe body marks, as
reviously suggested by other studies (Van De Weerd et al., 2006;
emple et al., 2012). Although provision of substrates showed a
ositive impact on most welfare outcomes, objects were not asso-
iated with a positive effect but very few pens had no reported
nrichment against which they could be compared. Many studies
ave suggested that substrates are more used by pigs and thus more
ffective to reduce inappropriate behaviors towards pen mates,
ompared to different objects (Bracke et al., 2006; Van De Weerd
t al., 2006; Van De Weerd and Day, 2009; Scott et al., 2007, 2009).
owever, enrichment with wooden objects or hanging toys has
hown positive impact in some studies (Scott et al., 2009; Cornale
t al., 2015). Furthermore, straw-bedded and conventional systems
ave shown similarity in animal based measures in some studies
Guy et al., 2002; Taylor et al., 2012; Temple et al., 2012), suggesting
hat the substrate alone might not always be able to solve wel-
are issues. Surprisingly, an increase in lameness and severe tail
esions, which previous studies have indicated can be inter-related
hrough infection (Niemi et al., 2012; Munsterhjelm et al., 2015b),
ere associated with the presence of objects combined with sub-
trates. This raises the question about the confounding effect of
ubstrates associated to objects, as multiple enrichments might
ave been used post hoc to control problems such as tail biting
rising from other environmental and management issues (Niemi
t al., 2012; Munsterhjelm et al., 2015b).
Substrate provision tended to be associated with a decrease of
evere tail lesions and farms with this system are less likely to dock
ails. The causality of the link between tail docking/tail length and
ail biting cannot be inferred, since farms choosing not to dock
ails, or to dock to a longer length, are likely to be those which
ave previously experienced little tail biting and therefore may  be
onsidered to have low-risk systems. However, the MCA  indicated certain degree of connection between docked tails, tail lengths
nder 0.5, absence of straw and higher prevalence of severe tail
esions and body marks. This confirms conclusions from the earlier
tudy of Moinard et al. (2003) and more recent review of D’Eathry Medicine 146 (2017) 34–43
et al. (2014) which suggested that tail docking, which is used to
reduce tail biting risk, may  not be totally effective on its own.
4.6. Practical recommendations
Our study identified differences between pig ages and housing
systems in the prevalence of different welfare outcomes and points
towards areas where attention should be given by the veterinarian
and the farmer to improve pig welfare. The results suggest that
particular attention should be given to specific welfare issues at
different times of the production period. The lower prevalence of
lameness in younger pigs, consistent with a previous study (Temple
et al., 2012), and the higher prevalence of tail biting in older pigs
suggests a benefit overall in targeting pigs over 50 kg for farm wel-
fare assessment. However, severe body marks were more prevalent
in younger pigs, as suggested by Temple et al. (2012). This pig cat-
egory is more likely to have been recently mixed during group
formation and particular attention should be given regarding body
marks after regrouping.
Outdoor pigs seemed to be more exposed to lameness and the
detection of lame pigs should be a focal point in outdoor sys-
tems. This can be achieved by regularly inspecting pigs in outdoor
systems to identify affected individuals, but also by identifying
risk factors in the environment and removing these if possible.
However, the outdoor system showed benefits in improving the
other welfare outcomes. In&outdoor pens, smaller pens and pow-
ered ventilation systems tended to promote a higher prevalence
of lameness, pigs requiring hospitalization and severe body marks
suggesting that closer inspection of the pigs should be targeted
in such environments. The requirement for pigs to be removed to
hospital pens comes from avoidance of further damage, contagion
or to remove the pigs from a competitive environment to protect
their welfare (White, 2009). Therefore, in order to avoid welfare
issues, quicker hospitalization or intervention should be considered
in pens presenting higher risk.
While less flexibility for change might be expected regarding
pen type or infrastructures, the feeding system and the use of
substrates, and their consequences for pig behavior and health,
should be discussed between farmer and veterinarian as potential
solutions to reduce lameness, pigs requiring hospitalization or tail
biting. Regular inspection of the herd in high risk environments
should be given a priority and the whole environment should be
reviewed to ensure that appropriate space and features are pro-
vided to fully meet the needs of the animals. The reduction in the
prevalence of welfare outcomes in the mainstream herd since the
implementation of the “Real Welfare” scheme (Pandolfi et al., 2017)
points towards the value of the scheme in improving animal welfare
in a variety of situations.
5. Conclusions
Pen type, ventilation system, pen size, enrichment and feed pro-
vision were all associated with an impact on welfare outcomes.
While the provision of substrate showed a positive impact on sev-
eral welfare outcomes, tail docking does not seem to be effective on
its own  to reduce tail biting prevalence. Veterinarians and farmers
should give particular attention to pen environment and feeding
system to improve animal welfare in all farming systems. This
study highlights individual risk factors which can be considered
to improve animal welfare, but also indicates the need to consider
the environment as a whole because of potential factor combi-
nations and confounds. The need for large samples to assess risk
factors for welfare outcomes with low prevalence and high vari-
ability between pens and farms should encourage the collection of
additional data in the future.
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